There is increasing demand from consumers for foods with functional properties. These foods, in addition to presenting adequate nutrient levels, provide beneficial health effects thus helping to prevent numerous diseases. Among the functional foods, the flaxseed (Linum usitatissimum), belonging to the family Linaceae, is of great nutritional value. This oleaginous is rich in proteins, lipids, lignans and fibers. Consumers have preference on cereal bars for being practical, healthy and with low calorie density when proper combinations of ingredients are used. This work had as objective the production and sensorial evaluation of cereal bars enriched with flaxseed flour. Two formulations, denominated S.01 and S.02, respectively added with corresponding 5% and 10% flaxseed flour, respectively, were prepared. The physico-chemical analyzes comprised moisture and ash contents. The cereal bars were sensorially evaluated by 50 untrained testers by using the nine-point hedonic scale including attributes of flavor, texture and overall acceptance, besides intention of purchase. The averages from the sensorial evaluation were between 7 and 8, indicating, with purchasing preference of about 90%, which was considered a high acceptance rate.
Introduction
At present, there is an increasing concern from the world population with food and its constituents, being the food industry encouraged to invest in healthy products. There are various forms and designations to foods that provide some type of benefit to human health, such as functional foods, nutritional products, healthy foods and, protective foods, among others (Sgarbieri & Pacheco, 1999) . According to Freitas and Moretti (2006) , the term that fits better is "functional foods". It should be pointed out, however, that this definition includes only effects restricted to the promotion of health, not to the cure of diseases (Oliveira, Sivieri, Alegro & Saad, 2002) . than a decade ago, being a choice of healthy food which has in its composition a wide variety of ingredients with sweet and pleasant flavor, being source of vitamins, minerals, fibers, proteins and carbohydrates (Baú, Cunha, Cella, Oliveira & Andrade, 2010; Freitas & Moretti, 2006) .
The ingredients used in the cereal bars must be suitably combined to mutually guarantee the characteristics of taste, texture and physico-chemical properties and stability, especially at the point of equilibrium of water activity. Due to the properties in its composition that act beneficially in the organism, the cereal bar is considered as a functional food (Gutkoski, Bonamigo, Teixeira & Pedó, 2007) .
Therefore, we aimed with the present work to develop and evaluate sensorially cereal bar formulations enriched with flaxseed flour, and verify its acceptability by consumers, as well as to determine some physico-chemical parameters of such formulations.
Method
The cereal bars were developed at the laboratory of Food Technology, State University of Mato Grosso do Sul, Campus at Naviraí -MS, Brazil.
Material
The materials used in the elaboration of the cereal bars were acquired in local stores at Naviraí -MS.
Preparation of the Flaxseed Flour
The flaxseed flour was obtained by grinding process with the aid of a blender.
Elaboration of the Cereal Bars
Two formulations of cereal bars were prepared, differing between them in the content of flaxseed flour: S.01, with 5 %, and S.02, with 10 %. The ingredients used for formulating the cereal bars are listed in Table 1 . 
Processing of the Cereal Bars
Processing of the cereal bars was manual and started by weighing the ingredients. The agglutination syrup was prepared in a stainless steel vessel where the ingredients (sugar, glucose syrup, water, honey, vegetable fat, soy lecithin) were subjected to heating, being homogenized continuously with a spoon. The temperature was monitored with aid of a thermometer and cooking proceeded until the mixture reached 116 °C, when it was interrupted.
The dry ingredients (rice flakes, oat flakes, passion fruit flour and flaxseed flour) were added to the agglutination syrup, at the temperature of about 95 º C, and mixed. The mixture was casted and compacted into rectangular aluminum recipients, previously anointed with hydrogenated vegetable fat. The obtained mass was cooled to room temperature, and later the bars were cut in standard sizes of 3.5 cm x 4.5 cm, weighting 10 g on average. Samples were collected for the physico-chemical analysis, which were done at the same day. The cereal bars were individually packed in plastic film and stored in dry and aerated place at room temperature for one day, until the time of sensorial analysis. The flowchart (Figure 1 ) summarizes the procedure used in the processing of the cereal bars.
Physico-chemical Analysis
Moisture and ash analyzes were performed at the Chemistry Laboratory of the State University of Mato Grosso do Sul, Campus at Naviraí -MS, Brazil. 
Moisture
Moisture content was determined according to the Adolfo Lutz Institute Standards (Adolfo Lutz Institute, 2005) . The method consisted in heating samples at 130 °C in air circulating oven for the loss of free moisture, since a certain amount of water remains trapped. This method is based on the loss of volatile substances by heating. A defined amount of 2 g of the sample was weighted into a pre-dried, pre-weighed and tared porcelain capsule. The porcelain dish was placed into an oven at 130 °C for at least 1 hour, being later cooled into a desiccator to room temperature. The transportation of the capsules was always done with kitchen pincers to avoid passing moisture from hand to capsule. Capsules were weighted, and the process repeated until constant weight was reached. The analyzes were done in triplicates.
Ash Content
Determination of the ash content was performed according to Adolfo Lutz Institute Standards (Adolfo Lutz Institute, 2005) . Five grams of the sample were weighted in previously dried, cooled and tared lab crucible. The sample was incinerated into a muffle at 550 °C for 5 hours, until complete removal of the charcoal to obtain a white or slightly grayish ash, which was cooled into desiccator to room temperature, being weighed and subsequently calculated the ash content. The analyzes were done in triplicates.
Sensorial Analysis
The cereal bar formulations were evaluated by 50 untrained testers from both genders, randomly invited to participate in the analysis. The affective acceptability test was used as methodology, by adopting a score sheet with a structured hedonic scale of nine points, ranging from 1 -"I disliked very much" to 9 -"I liked very much", to evaluate the attributes of flavor, texture and overall acceptance. Later, the evaluators answered a question about the certainty of purchase, ranging from 5 ("would certainly buy") to 1 ("would certainly not buy"). The results were evaluated through the frequencies assigned in the certainty scale, according to the depicted in Figure  2 . Samples were identified with three random digits in full block. Fresh water at room temperature was supplied to the testers with the samples, and these were instructed to drink a little of water before tasting the next sample, in order to eliminate residual taste interference in the evaluation.
Statistical Analysis
The data were analyzed in five stages. From the first to the third stages, the data were explored by descriptive statistics; in the fourth and fifth stages, the data were studied by experimental statistics, being presented in the form of histograms and tables, respectively.
In the first stage of the analysis, the profile of the evaluators was determined, by classifying them by gender and by age. In the second stage, each sample was explored according to the scoring scale attributed by the evaluators for "taste", "texture" and "global acceptance". The third stage of the analysis consisted in determining the means of the scores obtained for each item, with its respective standard deviation; that is, it was possible to determine the magnitude of the scoring variation for each question attributed by the group of 50 evaluators. The fourth stage of the analysis consisted in the determination of the preferred public for each sample: the average of the scores attributed by the female evaluators was compared to the score assigned by the male evaluators for the same item. The significance of this difference among audiences was measured by the T-test with Welch criteria, at 5 % probability. The fifth stage of the analysis consisted in the comparison between samples for each of the items evaluated by the evaluators (taste, texture, global acceptance and certainty of purchase), through analysis of variance by the F-test at 5 % probability. When the F-test indicated significance between treatments, means were compared by the Fisher's LSD test at 5 % probability. All statistical analyzes and all graphs were obtained into the statistical environment "r" (R Core Team, 2017).
Results

Physico-Chemical Analysis
The cereal bars enriched with 5 % (S.01) and 10 % (S.02) flaxseed flour were analyzed for moisture and ash content. The mean values are presented in Figure 3 . From the data in Figure 3 , it can be observed that the cereal bars had a relatively low moisture content; S.01 (5 % flaxseed flour), presented 10.3% moisture while S.02 (10% flaxseed flour) presented 9.7%.
The ash content observed (1.1 -1.2) indicates no significant difference between the two samples of cereal bars (Figure 3) . A similar result was found by Mourã o (2008) who reported ash content of approximately 1.65 % in cereal bars containing cashew or plums.
Sensorial Analysis
There was a predominance of females among the evaluators, representing 60 % of the group. Evaluators ageing 25 years old or less, between 25 years old and 35 years old, between 36 years old and 50 years old and 50 years old or more comprised 48 %, 24 %, 24 % and 4 % of the total number of evaluators, respectively (Figure 4 ). Figure 5 shows the distribution of the evaluator's preference for S.01 (5 % flaxseed flour) regarding flavor, texture, global acceptance and purchasing certainty / preference. Regarding flavor, 42 % of the evaluators liked it (score = 8), 30 % liked it very much (score = 9), 22 % moderately liked and only 6 % of them liked it slightly. For texture, 40 % of the evaluators liked it, 38 % liked it very much, 16 % moderately liked, 4 % liked it slightly and 2 % neither liked nor disliked it (score = 5). Overall acceptance scored higher for 42 % of the evaluators, 32 % liked, and 18 % of respondents moderately liked it; the overall acceptance was 89.3 %. The results obtained on the purchasing intention indicate that 56 % of the evaluators attributed score 5 (certainly would buy), and the second highest percentage was in score 4 "would possibly buy", with 26 % of the answers. Thus, by adding these two groups, the product obtained about 82 % buyer's preference. Figure 6 shows the scores assigned for each item of S.01, and do not indicate a difference between the attributes "flavor," "texture" and "overall acceptance" for this formulation; the addition of 5 % flaxseed flour to cereal bars did not affect either the overall acceptance or the purchasing preference. Table 2 shows that there was no significant difference regarding the estimation of the preferential public, regarding gender, through the items evaluated in S.01 (5 % flaxseed flour in the mixture). Figure 7 shows evaluator distribution of scores as a function of their preference for S.02 (10 % flaxseed flour in the mixture) regarding flavor, texture, overall acceptance and purchasing preference. As for flavor, the results show that 40 % of the evaluators liked it (score = 8), 18 % liked it very much (score = 9), 28 % liked it moderately (score = 7) and only 14 % liked it slightly (score = 6). 4.2 0.36 ns * Non significant (ns) difference according to the T-test with Welch criterion, at 5 % probability.
In terms of "overall acceptance" of S.02, 44 % of the evaluators "liked" (score = 8), 34 % "liked slightly" (score = 7), and 12 % "liked very much" (score = 9), therefore being accepted by 90 % of the evaluators. According to Santana and Oliveira (2005) , for a product to be considered accepted in terms of its sensory properties, it is necessary that it obtain an Acceptance Rate (AR) of at least 70 %. Thus, even with 10 % of flaxseed flour added to the cereal bar, consumers were satisfied with the final sensorial properties of the product.
The results obtained for purchasing preference indicate that 42 % of the evaluators attributed score = 5, corresponding to "would certainly buy" and 38 % of the evaluators attributed score = 4, "would possibly buy. Another fact worth mentioning is that there was no evaluator who indicated he would not buy such a product in any formulation. Table 3 shows that there was no significant difference regarding gender for preference to the product, for the formulation containing 10 % flaxseed flour into the mixture (S.02). Figure 8 shows the scores assigned for each item of S.02, and do not indicate a difference between the attributes "flavor," "texture" and "overall acceptance" for this formulation; similarly, to S.01 (Figure 6 ), the addition of 10 % flaxseed flour to cereal bars (S.02) did not affect either the overall acceptance or the purchasing preference (Figure 8 ). The comparative preference between S.01 (5 % flaxseed flour) and S.02 (10 % flaxseed flour), according to flavor, texture, global acceptance and purchasing preference are represented in Table 4 . There was no significant difference between formulations according to the F-test at 5 % probability in terms of flavor and purchasing preference. Regarding texture and global acceptance, Fischer's LSD test at 5 % probability indicated that S.01 was superior to S.02; thus, there was difference in consumers perception regarding flaxseed content. 
CV (%)
11.7 11.3 12.3 20.2 1 Granted scores were between 1 and 9 for flavor, texture and global acceptance, and between 1 and 5 for purchasing preference. For both cases, higher score means higher evaluators preference; 2 means do not differ, according to the F-test at 5% probability; 3 means are significantly distinct, according to Fisher's LSD test at 5% probability.
Discussion
These moisture levels (Figure 3) are satisfactory, considering that the maximum limit established by the current Brazilian legislation -Resolution RDC nº 263, September 22, 2005 (Brasil, 2005 , establishes that the moisture level of cereal bars should be below 15.0 %. According to Sarantópoulos, Oliveira and Canavesi (2001) , another relevant aspect is that the moisture content is within parameters that allow the maintenance of crunchiness and at the same time does not favor microbial proliferation, since in addition to the low moisture the product also contains sugar, which contributes to the reduction of water activity. Similar moisture levels were found by Freitas and Moretti (2006) , who reported a moisture content of 10.71 % when analyzing high protein and vitamin cereal bars. Brito, Campos, Souza, Wakiyama and Azeredo (2004) reported lower moisture levels, about 7.63 %, in cereal bars.
In a study done by Mourã o (2008) with cereal bar with cashew and plums added with 12.5 % of flax meal, in average 21.7 % of the evaluators liked it very much. For texture, 42 % of the evaluators liked it, 10 % liked it very much, 38 % liked moderately and 10 % liked it slightly. These results do not differ greatly from the ones obtained at the present study, indicating that flaxseed flour may be a viable ingredient to be added to cereal bars. approximately 29 % of the evaluators claiming they "maybe would buy, maybe not" (score = 3). This raises the hypothesis that the acceptance by consumers of cereal bars added with flaxseed flour may depend on the other ingredients into the mixture, that is, its final taste. In this case, flaxseed flour would be suitable for addition in cereal bars of only certain flavors, but possibly, with some ingredients, the flavor of the final product could not be attractive.
For initial cereal bar formulations aiming its introduction into a new market, it would be advisable to start manufacturing cereal bars with 5 % flaxseed flour into the mixture, aiming to avoid significant public rejection to the new product. As the new consumers are defined and familiar to the product, however, a formulation with 10 % flaxseed flour into the mixture could be easily accepted when marketed associated to the role of functional food bars.
One should also observe that there were no industrial constraints in bars elaboration with addition of up to 10 % flaxseed flour into the original cereal bar receipts. There were no issues as lack of agglutination, uninteresting remarkable taste or odor in the cereal bars or excessive hardness with addition of the flaxseed flour.
According to Carvalho et al. (2006) , the sensorial analysis is an important and effective way to better understand consumer opinion and its purchasing preference regarding a new product. Considering this, it is supposed that cereal bars with flaxseed flour may be widely accepted by the public, mainly for those most concerned to a healthy diet who usually are in constant search for foods with functional properties.
Conclusions
The addition of up to 10 % of flaxseed flour does not seem to cause any undesirable effect regarding technological aspects; Both formulations (with 5 % and 10 % flaxseed flour into the mixture) were well evaluated in terms of sensorial aspects and purchasing preference, reaching over 80 % of certainty of purchase, therefore showing their potential for commercial manufacturing.
